Abstract
22
Sweden 23 24 Hind III sites at the 5` and 3`ends of the MYC promoter and gene body. The amount of total DNA was 179 quantified with the primers F3/R3 used to produce a PCR fragment lacking an internal Hind III site.
180
The linear range of amplification was determined by serial dilution of sonicated genomic DNA. The 181 digestion efficiency was calculated as (1-(PCR F1+R1/F2+R2 /PCR F3+R3 )) × 100 (%).
183

3C-qPCR
184
To quantify the frequency of 3C ligation, we first generated control 3C products. Briefly, naked 185 genome DNAs were isolated from either HCEC or HCT116 using Mammalian Genomic DNA Extraction Table S2 ). The correct amplicons were recovered from agarose gels
190
and quantified by Nanodrop ND1000 (Thermo Fisher Scientific). The linearity and the sensitivity of 3C 
195
Nodewalk analyses
196
3C library was tagmented using either Nextera DNA sample prep kit for routine or Nextera XT DNA Table S2 ). Primer 1a and 1b (Fig. 
199
1A and Additional file 5: Table S4) 
218
CA. 5067-4626) with Bioanalyzer 2100. Only the library that showed the single band corresponds to 219 the enriched bait sequence was used for the high throughput sequencing (Fig. 1D) . Finally, Illumina contains 21 MYC alleles) were sampled from a diluted library of one of the 3C DNA prepared from 230 300 cells.
232
Optimization of primer annealing
233
Following the preparation of the 3C library by a conventional protocol, 3C RNA was generated by in Table S4 .
239
Sequence mapping and filtering
240
Paired-end reads were independently mapped using bwa version 0.7.12-r1039 to a merged reference 
249
Window summaries at Nodewalk with low input
250
Interactors detected by Nodewalk with lower input such as 34.8 pg or 0.88 ng of 3C DNA or 177 cells 251 aliquots were summarized in 10 kbps window. At first the reference genome was divided into 10 252 kbps window and each interaction was binned according to the center of the interacting locus. LEs
253
were summed when more than one interactor was overlapping with a window.
255
Identification of statistically significant interactions
256
To determine the statistically significant interactions, the empirical resampling approach for 257 determining significant enrichment described in reference (Williams et al. 2014 ) was adopted. In 258 brief, the observed reads on each chromosome were randomly associated (shuffled) with a Hind III 259 fragment from that chromosome. Next, a significance threshold, the minimum number of reads (X) in
260
each Hind III fragment required to achieve a false discovery threshold (FDR) lower than 0.01, was 
265
We repeated the shuffling for 1,000 times to obtain a distribution of X at each chromosome. 
366
Grid confocal microscopy
367
Cell imaging and generation of optical section in 3D were carried out on Leica DMI 3000B fluorescent 368 microscopy with OptiGrid device (Grid confocal) using Volocity software (Perkin Elmer, Waltham,
369
MA). Stacks were taken at 0.3 µm intervals in the Z-axis. In each experiment 150-300 alleles were 370 counted (Additional file 7: Table S6 ).
372
Network visualization
373
All the network figures were generated by Gephi 0.9.1 (Bastian M. 2009) (layout: Force Atlas 2).
375
Bootstrapping network generation
376
From the reads computed after Nodewalk data processing we generated a set of networks that 377 represent the family of possible networks that can be originated from the sequencing data by 378 bootstrapping. To this end, we first selected a number of reads to be included (n=500, 1,500, 5,000)
379
and randomly selected with replacement a number of reads equal to n from the pool of reads. The 380 number of bootstrapped networks computed was 1,000. We then calculated 95% CI (Confidence 
384
(Both median and mean p < 2.2e-16 using Wilcoxon and, Welch's t-test respectively).
386
Dynamic importance index
387
We used Eigenvalue centrality that quantifies the role of each node in propagating signal through the 
403
followed by reverse transcription using primers positioned close to the restriction enzyme site of the 404 region of choice (Fig. 1A) . Finally, Illumina sequence adapters were incorporated using the same 405 primers equipped with P7 sequence against the cDNA that already contained P5 sequences ( 
412
As initial bait, we chose MYC as this region is not only a key to understand the neoplastic process, but 
426
Conventional quantitative 3C analysis confirmed only minor biases when compared with the number 427 of de-duplicated reads (LE) obtained by high throughput sequencing (Fig. 1I ). We conclude that the
428
Nodewalk strategy correctly measured the relative frequencies of chromatin fibre interactions with a 429 high reproducibility and recovery from 3C DNA aliquots representing only 10,000 cells. As there was 430 no discernible difference in data output when the same sample was analyzed by either Mi-seq and
431
Hi-seq (Fig. 1H) , we also conclude that the Nodewalk technique is cost-effective.
433
Walking the nodes: A network of enhancers
434
The inclusion of an in vitro transcription step in the Nodewalk protocol represents a unique 
455
Examining the chromatin marks associated with higher connectivity, we found that primed or active 
487
Because n is in the denominator of the standard error formula, the standard error decreases as n 488 increases. The smaller the sample, the more variable the responses will be while having more data (Fig. 3C ).
506
In order to estimate the biological variability among libraries representing independent 177-cell 507 samples (Fig. 3B) , we compared the reproducibility of chromatin fibre interactions among the 0.88 ng 508 aliquots to the reproducibility of chromatin fibre interactions among the 177-cell samples, an 509 approach that was simplified by a low variability in the quantity of input and the quality of 3C DNA
510
( Fig. 3D , Additional file 1: Fig. S1A , B and Fig. S3 ) and a high degree of recovery of the bait alleles
511
(Additional file 1: Fig. S3E ). As could be expected (Fig. 3A) , >70 % of interactors impinging on the MYC 512 bait were detected in only one library among the libraries of the nine 177-cell samples (Fig. 3E,F) . In 513 contrast, the libraries of the ten 0.88 ng 3C DNA aliquots showed that >85 % of the interactors were 514 reproduced in two or more libraries. Nonetheless, both types of samples recapitulated the same
515
proportion of interactor categories (Fig. 3F) . Importantly, the overlap between the pooled 0.88 ng 516 aliquots or the pooled 177-cell samples and the large ensemble of interactome generated from 3C
517
DNA aliquots corresponding to 10,000 cells exceeded 91%, highlighting that Nodewalk using small 518 input material reliably recapitulated a subset of the interactors already present in the ensemble 519 network (Fig. 3G) . As predicted in Figure 3A , the overlap between interactomes present in the 520 libraries that were generated from small input material was only limited (Fig. 3H) . We also note that 
525
Under the assumption that the enhancer-promoter communications are stochastic, a reduction on 
547
file 1: Figure S4 shows that there was still no significant difference between expected and observed 548 number of enhancers impinging on MYC. Based on all of these considerations and on the average recovery of the bait being 36.2% (Fig. 3K) 
562
Potential for interactions versus direct physical interactions and the link to transcriptional activity
563
To relate interaction frequencies to the frequency of MYC transcriptional bursts, we performed RNA
564
FISH analyses using single-stranded probes for introns 1 and 2, followed by DNA FISH analysis
565
(Additional file 1: Fig. S5A ,B). Additional file 1: Figure S5C shows that the majority (55. Table S6 ). Quantitation of the ChrISP signals uncovered that the frequency of super-enhancer-
579
MYC proximity is about 50-fold higher than the frequency of direct physical interactions between 580 them as determined by the Nodewalk technique (Fig. 4D) 
626
Third, by binning the interactome data generated from small samples in successively larger windows,
627
the overall patterns of the ensemble network could be reproduced to demonstrate the stochastic but 628 preferential patterns of interactions between MYC and its enhancers (Additional file 1: Fig. S6 ).
629
Moreover, a comparison between observed and expected data generated by permutation analyses 
638
Our data also addresses whether it is the enhancer or the gene driving the interaction patterns.
639
Given that the interactions between the TADs are generally infrequent and that MYC taps equally 
646
represented by TAD1 (Fig. 2F) , despite that 37% of all alleles at the same time display close physical 647 proximity between a small portion of the super-enhancer and MYC (Fig. 4D ) From this it follows that 648 a large fraction of the MYC alleles is proximal to the entire TAD while being physically juxtaposed to 649 the colorectal super-enhancer. Such a process might place enhancer hubs in relative physical of MYC to stochastically engage enhancers from either TAD (Fig. 4E) 
665
To sum up, by applying the Nodewalk technique to very small cell populations, we have been able to 
689
Availability of data and materials
690
All the sequence data have been deposited to the NCBI Gene Expression Omnibus
691
(https://www.ncbi.nlm.nih.gov/geo/) under the accession number of GSE76049. 
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A) The principle of analysis of stochastic chromatin networks displayed in libraries with lower amount of input.
853
The chr8  chr5  chr1  chr2  chr4  chr3  chr6  chr7  chr10  chr11  chr12  chr9  chr14  chr17  chr13  chrX  chr15  chr18  chr16 Comparison of interaction profiles in the TADs flanking MYC with interaction profiles binned into larger windows resulting from Nodewalk analyses using 50 ng 3C DNA/10,000 cells input (green), 0.88 ng 3C DNA aliquots (red) and 177 cell aliquots (blue). 
